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Uncertainties in the analysis of recent p meson
scattering experimehts;’a have emphasized the nqcessity for
a reasonably accurate estimate of the modiflcation in the
Coulomb rmltiple scattering distribution required to properly
take into account the finite extension of the nucleus,

In particular, cosmic vay experiments2 performed
recently have been interpreted as indicating the existence
of an anomalous (i,e, non-electrcmagnetic) p=nuclear inter=
action which cannot be explained in terms of known p meson
interaction processes, In most of these experiments the
miltiple scattering distribution of relativistic p mesons
from 2 or 5 cm, lead plates is measured; then the experimental
results are compared with the predict;ons of the 01bert3 and
Moliereh multiple scattering theories, Although by no means
the only difficulty arising in the interpretation of such
experimaents, one of the most striking is the absence of a -
reliable estimate of the expected electromagnetic multiple
scattering distribution at large angles,
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In the Moliére multiple scattering theory the nucleus is
treated as a point charge, The single scattering cross section
i1s taken to be the Rutherford cross section modified at small
angles due td electron shielding, In the Olbert theory an
attempt is made to estimate the effect of the nuclear extension
by multiplying the single scattering law for projected angles
by a step function which cuts off all single scattering beyond
a certain projected angle, This gives a very great unders
estimate of the multiple scattering at angles beyond the cute=
off angle where the Olbert distribution has a Gaussian drope
off and soon ralls greatly below any reasonable single scate
tering curve, It is easily seen that the correct mltiple
scattering curve should always fall above the single scattering
curve at large angles (for a reasonable choice of the single
scattering law),

We have therefore attempted to develop procedures for
solving the multiple scattering problem starting with single

gscattering cross sections of the form
R . 7 4 90
Hy)dy:=: & F (H¢4) S :
% (¥7 e JP2
Q? is the projected angle and.q%” i3 the screening angle,
Fu {¥7g. ) is the nuclear form factor,” where [nf¢): | and
Fa ( .70/% Ydecreases approximately as ({’ ."'for. large values

of{;). 4%,: il. and R is the nuclear radiu8.6
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Two completely independent methods for solving this kind
of a problem have been devsloped and applied to the case of
the multiple scatterin: of relativistic p mesons from 2 cm,
of lead, The two methods give results that are in agreement
wlth one another,

The tirst method might be characterized as a "brute furce"
nunerical folding together of several partial distributions
which together add up to the selected distribution of single
scatterings, Such a method at first seemed hopelessly tedlous,
but several approximations were used which greatly speeded
up the calculations without introducing excessive errors, The
final calculation required about two days of slide rule and
desk caiculator time to obtain results which are estimated to
be good to 1-2 percent at smell encgles and 5-10 percent at
large angles (aside froii srrors in the assumed form factor),
This method haes the advantage of giving a good insight into
the way the final result develops in terms of the physical
processes, |

The second method is an extension of the Moliere theory
in which 5v(‘?/va) 15 included as part of the single scattering
cross section, (The derivation will be given in an article
to follow,) The multiple scattering law deduced by this
second method can be expressed analytically and the difficult

part of the calculation reduces to the evaluation of one
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integral which can be done readily by numerical methods,
We obtain:

to) M(x]:(;/: +.a- t-}‘x 4’) 7“;5 dg“ F~(?/Xg)’ T(Kg)

e'.” & 7
© (§ 4. x5, )%

(b} Mix)= €5 DN ety k| AL (5%) T
"n [ j sy }K(\gl' T Xy }S;L Td)
where T(x.g)g Lg.—(x+§)~+e_(x‘§)t €*Xl~!

—

wnd -’Y'—'— 4 tjn(t"/l-l.b) : cwheve 0.1 &K s 0.5 nd

where x and xo are proportional to § and . .

Formula (a) is the same as Moliére!s forrula except for
the last term which gives the correction due to the nuclear
extension, It is seen that 1rF{§/‘,);, (point nucleus)
the correction term is zero, For large values of x, formula (e}
is inconvenient because the correction term is large compared
to the net value of M{x) « In this case, however, (b) is
convenient; especially so where x is large enough 80 that the
first term in (b) can be neglected due to the smallness of
e xz; The two formulas cen be used to evaluate VI (X)for all
values of x, It is also to be noticed that a single calculation
will serve for all momenta in the relativistic region as the
integral depends uponﬁ;.. I The integrals were evaluated
numerically using Weddle's7 rule and grid spacings and values of

fKof 1/2 and 1/Li,, Comparison of the results for the two grid
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spacings indicates that errors resulting from the numerical
integrations are quite small,

We carried through calculations for the case (Figure 1)
of 2 cme Pb and cp = 1 Bev and used Fa (/y.)m 1,00, 0,82,
0450, 0415 and 12(‘/7«,;4,)“" tor /¢, =0, 1,2, 3emd Uk,
This particular choice of F;,— is intended to slightly under=
estimate the nuclear sige effects, but otherwise to represent
our best guess as to the "correct”™ form factor on the basis
of recent experimenta, We chose R = 1,1 Al/3 X 10'13 cm, and
applied Fkr to the law for projected scattering, This should
glve nearly the same result as choosing R = 1,0 x Al/3 x 10'13cm;
with F,, applied to the law for total angle scattering, Inelastic
scattering was not included hsre, but will be discussed in the

article to follow,
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FIGURE CAPTION

Curves apprcpriate to ¢p = 1 Bev and 2 ¢.m, Pb,
Meltsanly (‘/':/;//;) } by 1,74 for Bev, degm s, Curve
A = Molidre; B = poin® nueleus sirgle = at tering;
F, = assumed nuerlcae Jorm feclor, C = simgle
scattoring lew inclalirg P ; M3 = resulting

mulc*ule scattowing lewy O = 2Lhert disiribution with

singlie scattering cutwoff at ('fq/"-‘o) 2 lele
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